'We were unable to plroduce chronic arterial hypertension in dogs by severe cerebral ischemia induced by ligation of blood supply to the brain. Combining cerebral ischemia with the mechanical effect of a wire in the floor of the fourth ventricle and the thermal stimulus of heat generated in this wire b1 short wave diathermy resulted in hypertension that lasted as long as 10 months. Experiments are described which indicate that the arterial hypertension which accompanies increased cerebrospinal fluid pressure is in part the result of pressure on the brain and not entirely due to cerebral anemia. N 
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N 1947 we described a method for the production in dogs of arterial hypertension of neurogenic origin which lasted several hours.' It depended upon heating with short wave diathermy a wire embedded in the floor of the fourth ventricle. However, attempts to establish permanent hypertension by prolonged and repeated stimulation were not successful, apparently because glial tissue about the wire effectively insulated the pressor areas against heat generated within the wire.
The present study was undertaken because of the observation that 2 of the dogs with wire implanted in the medulla, subjected to progressive ligation of the arteries supplying the brain, developed arterial hypertension which lasted 8 to 10 months while otherwise normal dogs having similar operations to produce cerebral ischemia either had normal blood pressures or were hypertensive for two weeks or less. Several groups of experiments are reported which confirm the view that the combination of cerebral anemia and stimulation of pressor areas of the brain produce more marked and longer lasting hypertension than either one alone. 551 
METHODS
Experiments were carried out on 165 mongrel dogs. For surgical operations and treatment with diathermy the animals were anesthetized with pentobarbital, 35 mg. per Kg. of body weight given by intravenous injection. Operative procedures were carried out with sterile technic. Short-wave diathermy was applied to animals' heads with an ordinary clinical diathermy apparatus. The heads were wrapped with toweling so that three to four inches separated the coils of the apparatus from the skin. Blood pressures were measured with a mercury manometer after puncture of a femoral artery.
The blood vessels supplying the brain were ligated through a midline incision low in the neck. By means of blunt dissection, adequate retraction, and traction upon the carotid arteries, it was possible to deliver into view the origins of the carotid, vertebral, thyrocervical trunk, costocervical, and internal mammary arteries. Vessels were doubly ligated and a 0. For exposure of the floor of the fourth ventricle, dogs were placed in a prone position with the head in a holder which extended the neck from the body and flexed the head on the neck. A midline incision which extended downward from the occipital protuberance exposed the lower edge of the occipital bone. A 2 cm. square portion of the occipital bone was removed with a ronguer. Reflection of the dura and upward retraction of the cerebellum exposed the floor of the fourth ventricle for insertion of a wire or injection of silver nitrate solution. The wires and silver nitrate were placed as near as possible to the pressor areas of the medulla. figure 1 and table 1. For three to five days the blood pressure was 180 to 200 mm. Hg but thereafter it gradually decreased to become normal within two weeks.
Third stage operations were done on 10 of these animals in search for vessels large enough to be ligated. None was found. Arteriograms fig. 1 ).
3. Sham Craniotomy Combined with Ligation of Vessels. Inasmuch as the dogs with wires in the fourth ventricle that had received diathermy were more apt to develop hypertension of longer duration than after either operation alone, experiments were performed to determine the more important mechanisms.
Fourteen animals were subjected to craniot-omy following which the floor of the fourth ventricle was exposed and probed with a needle through the area usually receiving the tantalum wire. After six to eight days the cerebral blood vessels were ligated, following which 4 animals died. The cerebrospinal fluid pressure was now elevated by forcing saline with air pressure from a reservoir through a 15 gage needle, the tip of which was placed in the subarachnoid space by cisternal puncture. The pressure attained was measured by a mercury manometer connected into this system. The intracranial pressure (CSFP) was increased by increments of 10 to 20 mm. Hg. After the maximum elevation of pressure was noted the cerebrospinal fluid pressure was released and allowed to return to normal.
The rise of arterial blood pressure which occurred following elevation of cerebrospinal fluid pressure in logs with cerel)ral ischemia weas roughly proportional to the pressure applied to the brain. However, it varied wiidely from dog to dog and in the same animal at different times. (Cerebrospinal fluid pressure of less than 60 mm. Hg had no effect. Cerebrospinal fluid pressure from (60 to 100 mm. Hg caused the arterial pressure to rise from 8 to 56 mm. Hg; pressure from 100 to 150 mm. Hg elevated arterial pressure from 50 to 128; pressure from 150 to 200 elevated arterial pressure 70 to 138 mm. Hg; and pressure from 200 to 250 produced a rise from 100 to 150 mm. Hg. Results of a typical experiment are shown in table 2. If the intact carotid artery which had been clamped previous to the above experiments was released while the animals were hypertensive due to increased cerebrospinal fluid pressure, the blood pressure fell but not to the control levels. For instance, when the arterial pressure had been elevated from 144 to 238 mm. Hg by increasing the cerebrospinal fluid pressure to 150 mm. Hg, the release of the clamped carotid artery caused the blood pressure to fall to 190 mm. Hg. Reocclusion of the artery caused the blood pressure to rise to 228 mm. Hg.
The brains of these dogs had no maj or arterial blood supply, yet increased cerebrospinal fluid pressure caused a further elevation of arterial blood pressure. Although these data suggest that the hypertension of increased intracranial pressure is due to both mechanical and anoxic stimulation of the pressor areas, we could not be certain the increased cerebrospinal fluid pressure was not simply obliterating the small vessels which kept the brain If nullifies the mechanical stimulation arising from a wire in the medulla and insulates the pressor areas from heat generated in the wire by diathermy.
Since only 64 per cent of the animals prepared by combining all three methods developed hypertension, which lasted for periods varying from 2 to 10 months, the preparation has little value for chronic experimentation. This erratic behavior of the blood pressure of dogs receiving neurogenic pressor stimuli may well account for the observations made by Nowak and Walker' following ligation of the vertebral and carotid arteries, and by Fishback, Dutra and MacCamy6 following progressive ligation of all arteries supplying the head. They all reported that such operations produced "chronic neurogenic hypertension." However, they used only a few animals and followed them for short periods of time. Likewise, the hypertension which Dixon and Heller7 produced by injection of kaolin into the cisterna magna of rabbits was unimpressive and of very short duration. Indeed, many doubt that chronic hypertension can be produced by this method.
Regardless of the difficulties involved in the production of experimental neurogenic hypertension, it is evident that it can be induced so that it lasts nearly a year and might well continue indefinitely if the resourcefulness of nature did not compensate for the meddling of man.
SUMMARY
One hundred and sixty-five dogs were used in a series of experiments designed to produce chronic hypertension of neurogenic origin. Surgically induced cerebral ischemia, which was severe enough to cause death in 41 per cent of the animals, induced arterial hypertension in only 24 per cent of those that lived and this lasted only 7 to 15 days.
If the effects of cerebral ischemia were augmented by the stimulation of a tantalum wire in the floor of the fourth ventricle heated by short wave diathermy, 64 per cent of the dogs developed hypertension (160 to 200 mm. Hg) which lasted 2 to 10 months.
Ischemia of the brain combined with the wire implant but without diathermy caused hypertension in 33 per cent of dogs which lasted 45 to 90 days. Ischemia plus diathermy to the head but without the wire implant caused hypertension in 50 per cent which lasted two to eight months. The additive effects of cerebral anemia and mechanical stimulation were further demonstrated in animals with isolated, perfused brains in which total cerebral anemia could be produced by clamping a perfusing artery. In these animals the mechanical effects of increased cerebrospinal fluid pressure (150 to 200 mm. Hg) caused the systemic blood pressure which had previously risen maximally in response to complete anemia to become further elevated.
